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157 ABSTRACT

A locator system is disclosed wherein the vehicle whose loca-
tion is unknown transmits a short, modulatad radio frequency
pulse. Receiving stations about the periphery of the area being
serviced phase compare the received signal with a standard
time reference signal. The phase difierence is used to deter-
mine the arrival time diiTerences at the known locations of the
receiving stations from which the locaton of the vehicle may
be determined. The wavelensth of the modulating signal is
generally greater than the maximum distance enccuntered in
the service arca. The efiects of multipath reflections are
minimized by utilizing a space dispersed antenna.
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MOBILE LOCATOR SYSTEM FOR METROPOLITAN
AJLAS

The present invention relates to a method of and epparatus
for locating mobile transmitters within a certain arca. ta par-
ticular, the invention relates to a methed for locating police,
emergencey, and service vohicles within restropelitan arens.

Police d=partments ol many citiss have indicated a nsed for
monitoring the locatior.s of patrol cars thirnughout the city so
that they can improve the efiiciency of their dispatching.
Other services such as ceb and bus comgpanies also have
requirements for tracking the location of th=ir vehicles, In ful-
filling the requirements of these muricipal and service or-
ganizations, a vehicle locating system must be low in cost,
compatible with existing motile communicutions, versatile,
and unafiected by radio noisg in the vicinity of the vehicle.

In view of the above, it is an object of the invention to pro-
vide a relatively siniple, low cost method for locating a
number of veliclesin a defined area.

A further obiect of the invention is to provide a simple, low
cost system to locate vehicles in a raetiopolitan area with suffi-
cient accuracy. . .

Another objzct of the present invention is to provide a vehi-
cle locating system that adds as little additional zpparaius to
existing communication facilities as possible.

A further object is to provids a vehicle locating system for
use in metropolitan areas whcrein the effects of muliipath
reflections and radio frcquency noiscs are minimal or
eliminated.

Another object of the present invention is to provide a vehi-
cle locating technique that may be implemented by apparatus
assimple or comglex as the needs or wants of the user require.

The fotegoing objects are achieved in the present invention
wherein there is provided in a typical instaliation, four receiv-
ing stations located approximately at the corners of a square
encompassing the area to be served. Timing refcrences, pro-
vided at each of the receiving stations, are in precise relstion
to each other within one or two tenths of a microsecond.
When a transmilter is to be located, it transmits a relatively
short tone burst of an andio frequency whose medulating
wavelength in space may be longer than the lurgest Cimension
of thd scrvice area. The tone burst is received at cach of the
recciving stations and cach one measures the phase of the

. sudio frequency tone burst relative 1o the refereace phase. A

number representing the phase difference between' the
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received tone burst and the reference phase is transmitted by

any convenient means to a central stution. Altcrnatively, the
received tone may be retransmitted by microwave link from
each of the receiving stations to the central station where
phase comparisons can be made. The difterences in phase,
taking into account the absolute time ciiterences between the
refercnces 2t the receiving stations, is used to determine the
time ditferences of arrival at the known locations of the
receiving stations. From these data, hyperbolic lines of posi-
tion are deterrined and their intersection is the location of

“the transmitter. Ervors intreducad by muitipath refiections are
- minimized by vtilizing a spuced disps rsed antenna.

The timing references previded at each of the receiving sta-

tion may comprise the synchronization signals received from a
local tele®ision station. This would provide a convenient,
satisfactory, and incxpensive time buse for all receiving sta-
tions. Alternatively, a microwave link or atomic clocks can be
used to provide the time base,
" There are numerous ways to initiate the transmission of the
tone burst from the vehicle. [t may be deae on a programmed
basis or on 2 random access basis with an wdzaufication of the
vehicle transmitted with the tone bunt. ftmay abo be done by
interrogation from the centrzl station, either autemnatically or
by voice requcst. . )

As outiined abave, the vehicle locating system achizves a
fow initial cnd operating cost sirce the v wicle nesds only an
audio freguency tone burst grerator adZod to e consen-
tiona! mobile radio equipent, The recenving statigis can une
slightly  modiied  motile roceivers,  When o relevnien
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synchronizing signals are utilized, there is ro nead for a
sencrate saurce of a tire reference sia L The svsterais cont-
patible with exiting mobile radio corunumcaiiuis s v
tone burst can be trarsmitted within the bandwidti uied for
mobile commurnicutions. Thus, existing vehicle equipniznt can

2 used with minor additional circuitry. The time for the trans-
mission can be relatively shert so that it adds Lile to tis com-
murication load on the chanael, Further, the system is unaf-
facted by radio noise in the vicinity of the vehicle since one-
way transmissions {rom the vehicie are uscd for the measure-
ment. The accuracy is unaffected by radio frequency inter-
ference in the receiver of the vehicle as it would be if a two-
way transpording system were used.

The various features and advantages of the invention may
be best understood by considering the foliowing detailed
description in conjunction with the attached drawings in
which:

FIG. 1 represents a sketch of the invention in use in a
metropolitan arca.

FIG. 2 Nlustrates one embodiment of the preseat invention
utilizing existing communication equipment as much as possi-
ble. .
FIG. 3 illustrates one form of space dispersed antenna
system used [n carrying out the present invention.

FIG. 4 illustrates another form of a dispersed antcnna
system useful in carrying out the present invention.

Referring to FIG. 1, there is shown the over-all opzration of
the present invention wherein the vehicle locating system uses
range difference measurements to determire hyperbolic lines
of pesitions for vehicle location. When & vehicle, such as vehi-
cle 10, is to be located, a control center transmits an inter-
rogation signal to the vehicle. Several options are avaiizble tor
transmitting the interrogation. The operator of the sy icrm may
usa tie option that best suits his needs. The vehicle may bz ad-
dressed automatically by a special code that is exciuzively part
of the location system, by meens of a sclective calling equip-
ment that is part of the communicaticn system, or the vehicle
driver may be requusted by voice to initiate a rangiag sigaal
manually. Alternatively, each vehicie may initate its own
ranging siznal transnission according to a programmed
sequence, timed by a clock on the vehicle. The ranging siznal
transmitted by the vehicle 10 to the receiving stations 11-14
may consist of a short tone burst at a frequency of approxi-
mately 3,150 Hz, frequency modulated ontp the carrier of the
voice communication transmitter. The duration of the tons
burst may be approximately 100 cycles, or 0.03 szconls. The
duration is determined by the accuracy requirements and the
signal-to-naise ratio. Frequency deviation is limited to heeping
the radia frequency spzctrum within the mobiie radio channel
bandwidih assignment. No other signal nead be transmitted by
th= vehicle to determine its location. The only device ncadad
on the vehicle in addition to its normul communication equip-
ment is an audio oscillator of modest stability to moduiate the
communicmion transmitter, 2nd @ means to initiats the trans-
mission of the short tone burst. .

A minimum of threc receiving stations is necessary and a
fourth is recommended to insurc ambizuity resolution and to
provide a redundant measurement. The separation of the
receiving stations is determined by the useful range of the imo-
bile equipmant in the particular metropolitan area. [n denss
areas, separations as short as 2 miles may be required. In sub-
urban areas, separation may be as much as 10 miles. Lecations
of the receiving stations 11-14, relative to each other, should
be approximately at the apices of an equi-lateral wang'e or
the corners ef asquare. They cannot lie in a straight Lne.

The receiving stations 11-14 are provided with 2 commoan
tine bo2e wath a precision beier than appronimztely 20w
ninoazconds reliutive to each othar. Syachronization sijnals
such as recened from alocal television station 15 can previde
ths ume base for all of the receiving stetions. Alteraatively, a

.»:i:niu,avc link or atomic clacks can bu used to provide the
tine base.
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When a telavision siznal is used, the horizontsl synchroriza-
tion pulses provided precise thining rezolution o the venical
synehraaization pilies erodids aetimity ressleion, Pracize
timir.g palica at arate of 3,150 pur sueond 2re dunved fiom
the television synchronization pulses by ssizction of every fifth
horizontal pulse. Ssiccdon of the individual horizental
synchronization pulses are timed from the vertical
synchronization pulies. All of the receiving stations 11-14
have the same time base but displaced relatve to cach other
by the difference in propagation time from the television
transmittar 15 to the receiving swtions. This dilerence in
propagation time is a constant and can be determined by cal-
culation and calibration.

When the ranging signal from the vehisle is received at each
of the receiving stations 11-14, a gate is opensd at cach zero
¢rossing of the received 3,150 Hez tone, and cicsed 2t the next
following time bace pulse. While the gate is open, puises at a
frequency of 10 MHz cre passad through. A s2purate counter
counts the number of times thz gate is open. Afier a fixed
number of times, for examplz, € 4, the gate isnolonger opansd
by the received tone zero crossings. The total number of 10
MHz pulses is counted to provide a measure of phase dif-
ference between the received tone zero crossings and the ime
base pulses averaged over a number of cycles catermined by
separate counter. This gated ccunter phase mcasuring or
range determining technique is conventional and therefore is
not illustrated. Further, any suiteble phase measuring
technique may be used..The timing resclution may be im-
proved by using a frequency higher than 10 Mz for timing
the intervals and the precision may be improved by averaging
over a large number of received cycles.

‘When phase difference has been determined at each of the
recciving stations, it can be expressed as a number in binary
digital form, which is then transmitted by any conveniant
means, such as telephone lines, from cach receiving station
11-14 to a central processing facility 18. The wcasurements
are corrected by the known relative displacemant of the time
bases, their differences taken, ti.c hyperbolic lines of gozition
computed, and the location of the vehicle is thus determined.
An ambiguity exists for each range measurement at the period
of the Hz frequency. The period is 320 microseconds,
fepresenting a distance of approximately 16 miles. Since this is
larger than the maximum scparation of the receiviag statons,
the ambiguity is casily resolved. .

Referring to FIG. 2, there is iilustrated a mobile communi-

cation system 20 modified in accordance with the present in--

vention to carry out the additional function of vehicie loca-
tion. In the conventioral mobile communication system a mo-
bile recciver 21 and transmitter 22 are carried on the vchicle
whose location needs to be datermined. The receiving station”
24 receives the siznals from the mobile urit 21 2nd 22, In 2c-
cordance with the present invention, an audio oscillator 23is
added 1o the mobile transmitter 22 in ordzr to provide the
tone burst signal so that its location may be determined. Atthe
recciving station, there is additionally provided a television
receiver 23 for rcceiving the horizontal and vertical
synchronization signws from the lecal telzvision station 15.
The addition of osciliator 23 and television receiver 25
represent the sole modifications that need be made to the ex-
ising communication sysiem. The recsived signals from
geceiver 23 and television receivar 25 arc then phase com-
pared in phase meter 26 which then urznsmits the phase cif-
ference Wetween the two received signals 1o the central stetion
16 as illustrated in FIG. 1. At the cenwural station 16 the signals
from the receiving stations 11-1d are processad by any suita-
ble means and the vehicle location is ceterminzd.

In FIG. 3 there is ilivstratad one form of an.antenna system
useful in the present invention to minimize the eicects of mul-
tipath reflections. In a metropolitan area the signal Gani-
mitted from the vehicle 10 will not marely falowv a line-uf-
sight path 30 but wiil also be retlected by builgings in the arca
such as building 32, The sgral from the velicis 15 wili b
reficeted slong poth 31 to dhe receiving station tL Havicg a

. 3,680,121
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single raceiving antenna at the receiving station 11, the civnals
traveliog alone poris Suoand 31wl e woand oot
received ghana) will ba phase cisulazced rebtive 1 tie < nnl

Tateiltig aang i 30 Tharosaltef s isto b aiae an or

5 roncous value for the ranae of vehicle 10 from the recaiving

station 11 It b2y beea found that the raase error is
bidirectional, that is, it may either be a pasitive or nezative cr-
ror. It has becn faund further that the error varies cyciioaliy
such thot over one whoie cycle the average rangs €Irer ap-
proashiss zero. [T a singlz anierna at recciving stailon 11 is
moved chout as the sigays mong paths 33 end 31 are received,
the avercge of the readinss at tie various positicns will tend to

average out to the true value for the ranze of vehicls 10 from

15 receiving stztion 11. Onie maezns of implementing this averag-

-~
ing feature is iliustrated in FIG. 3 wherein a spated dizpersed
antenna system is utilized 2t each of the receiving stations
11-18. Thus, for examplc, at receiving station 11 2 plurality of
antennae are utilized to recciving staton 11 a truvelling ajong

20 paths 30 and 31. The sizazls received at each antenna may be

manipalated in a1y dzsired manner, for exampie, they may be
scquentially samplcd or summed or a combination ¢f summing
and sampling can b2 used. By utifiz ‘o a space dispersed an-
terma system such as shown in FiG. 3, the received signals

25 over path 39 and 31 are averzged out and the rewuliing deter-
[ 4 £

mination of range is more accurate than that which could be
obtainzd using a sincle receiving antenia.

In FIG. 4 there is iliustrated an alternative form of dizpersed
antenna system, wherein a piurclity of anteanae are located

30 ,hout the 2rea to bz served and form a sinale disparsed anten-

ra array comprizing antennce 11-13. At cach antenna is a
separate receiving station which processes the signal from the
vehicle-to-be-located 10 and the localiy generated time siznal

to determine the range of the vehicle to be Iocated from tic
35 &

receiving stetion. The antenna system of FiG. 4 may be con-
sidered mors of & redundant measurement system wherein a
relatively large number of meesurements are made and com-
bined to average out the range error due to multipath refigc-

40 tion.

While a specific embodiment of the invention has been
descrilzed, it will be obvious to those skilicd ia the art that nu-
merous modifications of tha iavantivn may be made, For ex-
ample, the received siznals at stations 11-14 may be relayed

45 by any suitzble means to a central station 16 where they are

then phose compared with the signal from the local tefevisicn
station 1§ to dstermine the relative phase displucement of the
signals received at the receiving stations 11-14, and from
which the location of the vehicle 10 may be determined. In

50 this modification, all the processing equipment is then located

ata central station.
What we claim as new and desire to secure by Letters
Patert of the Urited Statesis: -
1. A rmethod for locating a vehicle comprising the steps of
positioning 2t least three receiving stations about the
periphery of the azea in which said vehicle may be
located:
initiating narrow band transmission from said vehicle of a

60 tone modulated signal, -

receiving said modulated sigaal at said receiving stations,
and

comparing the times of arrival of said modulated signz! 2nd
a time reference signal to obtain range difference infor-

65 mation so that the spacific location of said vehicle within

said area can be determined.
2. The methad as sct forth in claim 1 wherein said compar-
ing step comprises
- receiving a lazally generated television signal,

70  deriving from said television signul said time reference

ignal, and

comparing scid derived time reference signal with said
treceived modutatedd signal to obtain range difference in-
formation irom which suid vehicle may be speciiically

75 located within said area.-
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3. The mathad as set forth in eluim 2 compring the ad?i-
tional steps of parforming snid receiving, denving, and com-
aringstops el "
[ conveying said information from e.ch receving stationto a
central station where the specific vehicle location may be 5
determined.
4. The method as set forth in claim 1 further comprising the
steps of
_ generating a time reference signal, and
communicating said tima reference signal to said receiving 10
stations.
8. The method as st forth in claim 1 wherein said initiation
is accomplished in tesponse to voice request.
6. The method as sct forth in claim 1 wherein said initiation
is in response to an identification codsd request.
7. Thz method as set forth in claim 1 wherein seid initiaton
. is accomplishzd automatically on a programmed basis.
8. The method as set forth in claim 1 wherein said initiation
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includs thestzpof
modulating a carrier traquency with @ siznal whese mode-
Ia savelonzin is innger than the Lagast &t ion el
sald area being scnved. :

9. The mcthod 25 set farth in claim 1 wherein the duration
of said irtinted transmizsion s on the order of €4 cyclesof the
modulating signal.

10. The method as set forth in claim 1 inclucing the step of

providing a space dispersed antenna system for use with said

receiving stations thareby minimizing the eliects of mul-
tpath refiections.

11. The mathod zs set forth in claim 10 wherein said provid-
ing step is performed at each receiving statjon.

12. The method as set forth in cluim 1 including the siep of

determining the specific location of said vehicle within said

area.
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